With the advance of manufacturing technologies and increasing attention on environment protection, electric vehicles (EVs) are expected to see a fast development. However, large adoption of EVs may impose a high power demand on the grid and may affect the network infrastructures. Controlled power consumption for EV charging and home appliances could help to reduce such pressures on power systems. This paper aims at analyzing the impacts of integration control for EV charging, controllable home appliances, vehicle-to-home (V2H) and home based batteries on neighbourhood level network. Simulation results are presented for Nissan Leaf and Tesla Model S.
Introduction
Road transportation contributes 27% of total carbon dioxide emission for United States in 2013 [1] . To reduce the greenhouse gas emission as well as dependency on oil, incentives and policies have been proposed in many countries to encourage the transportation electrification [2] . Hybrid electric vehicles (HEVs), battery electric vehicles (BEVs) are increasing quickly in the world vehicle market. Several countries proposed related policies to promote the development of EVs. It is expected that in 2040 two thirds of light-duty vehicles in USA ought to be EVs. The production of EVs in Germany should reach five millions in 2030 [3] .
However, the charging of these EVs as a whole will cause a high power demand on the power system. When considering that most of the EVs will be charged at home [4] and the charging time coincides with the residential power consumption, then the charging power issues will be more severe for the neighbourhood level network. Without coordination, EV charging may cause significant negative impacts on the power grid, especially for those high EV adoption areas. Currently there are mainly two kinds of control strategies: centralized control strategy and decentralized control strategy. For the centralized control strategy, there will be a central controller to manage the charging or discharging of all the vehicles. The customers need to give out the charging control for their own EVs for centralized control. As for decentralized control, the charging and discharging could be controlled locally by home based energy management systems.
The vehicle-to-grid (V2G) capability of the EVs means that the EV batteries could be treated as distributed energy storage. The integration of large population of EVs may pose a significant impact on the power grid [5] . Vehicle-to-home (V2H) is a subset of vehicle-to-grid [6] . For V2H, the energy stored in EVs could be discharged back to homes for residential power consumption [7] . In the neighbourhood level network, with V2H, the energy stored in EV batteries could be discharged back and serve as energy storage to counter the uncertainty of renewable energy and varying electricity price.
There are two kinds of power consumption for the neighbourhood level network: EV charging power consumption and base load power consumption which describes the power consumption consumed by home appliances. Currently, the home appliances consumption is mostly controlled with simple local controller. And not all of these home appliances could be controlled automatically [8] . In [9] , the author proposed a control strategy for home energy management system which consider the EVs, home appliances, ESS, and renewable energy. In [10] , a control strategy is proposed with considering the varying electricity price. The impacts of electric vehicles charging on power network have been discussed in [11] , [12] . In [11] , it is stated that even a small EV penetration would cause significant power increase. In [12] , It is shown that without controlling, EV charging could accelerate the transformer ageing significantly.
Unlike previous work, in this paper, we focus on analyzing the impacts for integration control of home appliances, EVs, home batteries on the neighbourhood level network. Simulation results are presented with actual power consumption data. In this paper, we propose a centralized control framework for power consumption of the neighbourhood level network. We assume the central controller could access all the information of the base load information and customers driving behaviors (arrival time, departure time, and arrival battery state of charge). This paper is organized as follows: The system models, including base load power consumption, electric vehicle, neighbourhood level network and time-of-use (TOU) price structure are demonstrated in Section 2. In Section 3, a control framework to minimize the peak power consumption is proposed. The simulation results are presented in Section 4. The paper is concluded in Section 5. Future work is also discussed in this section.
System Models
To analyze the impacts for integration control of EVs, controllable home appliances and home based batteries on neighbourhood level network, four system models are discussed: base load power consumption, electric vehicles, neighbourhood level network and time-of-use price structure.
Base load power consumption
In this paper, we consider that there are three categories of power consumption in total: electric vehicles charging power consumption (p c ), controllable base load power consumption (p bc ), and uncontrollable base load power consumption (p bu ). Base load means all power consumption in the neighbourhood level network except the EV charging power consumption. Base load power consumption for two typical days in a neighbourhood level network in Ottawa are shown in Figure 1 . We can see that the power consumption in winter day is a little lower than that in summer day and there will be valley hours for both summer and winter days (In winter, gas is used for heating). 
Electric vehicles
The power consumption of electric vehicles can be viewed as a kind of flexible and uncertain power consumption. The uncertainties of EV charging for: arriving time, arriving battery state of charge, and leaving time should be considered for modeling the EV charging power. Table 1 shows the driving distance distributions for the customers. We can see that in the weekend people have a high probability to take a long dirve. The EV battery capacity and rated charging power will influence the EV charging demand. The specifications for two kinds of EVs are shown in Table 2 . In this paper, the continuous charging is adopted which means that EVs could be charged at a continuous rate from zero to the maximal rated charging power (the charging power will be fixed for one time slot). In this paper, centralized control is adopted which means that the central controller could control the charging and discharging for all the EVs. Figure 2 shows a typical neighbourhood level network. One transformer is responsible for providing energy for the neighbourhood level network. In Figure 2 , we assume that some homes are integrated with Tesla Power Wall. It shows that for a typical neighbourhood level network, there are different types of power consumption: EV charging power consumption, base load power consumption and home based batteries power consumption. The charging, discharging of EVs, home based batteries and power consumption for controllable home appliances could be controlled by the central controller. 
neighbourhood level network

Time-of-Use price
Additional power generation will be needed for peak power consumption hours which will be very expensive. In order to encourage people to shift their power consumption to valley hours, time-of-use price structure is adopted by some utility companies. Under time-of-use price structure, the electricity price will be high for peak hours and low for valley hours.
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EV Charging Control Framework
Objective function
The high peak power consumption may negatively affect the network and the electricity cost. In this paper, we propose a centralized control framework for the control of EV charging, controllable home appliances and home based batteries.The objective function is to minimize peak power consumption as shown in Equation (1) . The peak power consumption shows the discrete-time maximal power consumption in one day. p b shows the total base load power consumption. p evc is the total EV charing power consumption. p evcd is the total EV discharging power consumption. p ba is total charging consumption for home based batteries, p bad is the total discharging power consumption for home based batteries. p reu shows the used renewable energy.
Constraints
The following system constraints should be satisfied in all time slots. These constraints include power balance constraint, total power consumption constraint, charging timing constraint and renewable energy constraint. These constraints are discussed in the following equations. There are two kinds of constraints: inequality constraints and equality constraints.
1) Power balance constraint:
Equation (2) means that for every time slot, the power supply side and consumption side should be balanced. The left side shows power supply side including: power from power system (p g ), discharging from home based batteries (p bad ), discharging from EVs p evcd . The right side in equation (2) shows power consumption side, including: base load power consumption p b , EV charging power consumption p evc , and home based batteries charging power consumption p ba .
2) Charging time constraint Equation (3) and (4) show the EV charging and discharging power consumption for i th EV at time slot t. tc [i] [t] shows the timing constraint for i th EV at time slot t. If EV is parked in the home for time slot t, the tc will be equal to the maximal rated charging power for EV.
3) Controllable base load power consumption constraint Function 5 shows that there are two parts of base load power consumption (p b ): controllable base load power consumption (p bc ), and uncontrollable base load power consumption (p bu ).
4) Battery state of charge constraint Equation (6) and (7) 
· 100 (6)
5) Renewable energy constraint Equation (8) shows that the renewable energy (p reu [t] ) that could be used should be smaller than the actual generated renewable energy p re [t] for every time slot.
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· 100 (9)
7) EV charging limit constraint Equation (11) and (12) show that for every time slot, the charging power and discharging for every electric vehicle should be smaller than the maximal rated charging power p evi max [i] .
Equation (13) and (14) show that for every time slot, the charging power and discharging for the home based batteries should be smaller than the rated maximal rated charging power p ba max [i] .
8) Total charging and discharging constraint
We assume that there are N electric vehicles in the neighbourhood level network and there is one electric vehicle and home based battery in every home. Equation (15) and equation (16) 
Equation (17) and equation (18) show the total charging power for home based batteries (p ba [t]) and total discharging power for home based based batteries (p bad [t]) for every time slot.
Simulation Results
In this section, we use the proposed control framework to study the impacts for integration control of EV charging, controllable home appliances and home based batteries on the peak power consumption on the neighbourhood level network. The framework presented in Section 3 is modeled in Java and solved with the server CPLEX v.12. Simulation results are presented in this section.
Here two kinds of electric vehicles are considered: Nissan Leaf and Tesla Model S. As for the Nissan Leaf, the maximal charging power is 6.6 kW and battery capacity is 24 kWh. As for Tesla Model S, the battery capacity of 60 kWh and rated charging power of 10 kW are adopted. The EVs are required to be charged with enough energy before the departure time. home based batteries are required be larger than 90. The arrival time for the EVs are set to be 5 pm, 6 pm, 7 pm with the probability of (20%, 40% and 40%). The departure time for the EVs are set to be 7 am, 8 pm, 9 pm with the probability of (30%, 50% and 20%). The arrival battery state of charge for EVs are set to be 30, 50, 70 with the probability of (30%, 50% and 20%). We consider that there are six homes in this neighbourhood level network. The data presented in [15] is used as the uncontrollable base load power consumption for one home. We use this data and add the uniform distribution noise of [-1, 1] to build the uncontrollable base load power consumption for all the homes in the whole network. Figure 3 shows the one year hourly data for uncontrollable based load power consumption for the network. We assume that there is one electric vehicle in every home. The controllable home appliances includes: washing machine and dishwasher. The power consumptions for controllable base load are shown in Table 3 . The default starting time for the controllable appliances for all the homes are set to be at 7 pm. The home based batteries is chosen as Tesla Battery Wall. The battery capacity for Tesla Battery Wall is 6.4 kWh while the charging power is 3.3 kW [16] . The time-of-use price structure presented in Figure 4 is used for calculating the electricity cost [17] . The rated maximal power for the transformer of the network is chosen as 50 kW. 
Peak power reduction with controlled EV charging
We studied the peak power consumption of the network for three charging scenarios: uncontrolled EV charging; smart EV charging and smart EV charging with V2H. Uncontrolled EV charging means that the EVs will be charged as soon as they arrive home. Smart EV charging means the EVs are charged with the method proposed in Section 3, but V2H is not considered for this scenario. Smart EV charging with V2H means that we further consider that the energy stored in EVs could be further discharged back for residential consumption. The controllable appliances start to work at default time and home based batteries are not considered in this section. Simulation results for one typical summer day for Nissan Leaf and Tesla Model S are shown in Figure 5 and Figure 6 . Simulation results for one typical winter day for Nissan Leaf and Tesla Model S are shown in Figure 7 and Figure 8 . We can see that without any control the peak power consumption will exceed the transformer power limit. This will be more server for Tesla Model S which will require more charging power. Simulation results show that with smart control for EV charging, the peak power consumption could be significantly reduced compared with uncontrolled charging for both Nissan Leaf and Tesla Model S. It also shows that when V2H is adopted the peak power consumption could be further reduced. Smart EV charging control could help to minimize the peak power consumption and protect the power system.
Peak power reduction with controlled home appliances and battery
Here the EVs are charged with smart charging and V2H is not adopted. Figure 9 shows the peak power consumption of the network for a summer day with Nissan Leaf. Simulation results for five scenarios are shown: base load power consumption with no EVs; smart charging control; smart charging control with EVS29 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium one home based battery; smart charging control with two home based batteries; smart charging control with two home based batteries and adopt home appliance control. The simulation results for Tesla Model S is shown in Figure 10 . From the simulation results we can see that, when the home based batteries are adopted the peak power consumption of the network could be significantly reduced. Battery wall can store energy during the valley hours and discharge the energy back for the peak hours. In this paper, we consider that the controllable home appliances like: washing machine and dishwasher could be controlled by the system central controller. These appliances could be controlled discretely, which means that we can decide the on and off of these appliances but the for a certain time slot the power consumption will be a fixed value.
We can see that when the control for home appliance is adopted the peak power consumption for the network could be further reduced.
Conclusion
In this paper, an EV charging framework is proposed to minimize the peak power consumption. The control framework is used to study the peak power consumption for different scenarios. Based on the simulation results we can see that without any control the peak power consumption of the network could easily exceed the transformer power limit. The adoption of EV charging control and home based batteries could help significantly reduce the peak power consumption. The V2H and control of controllable home EVS29 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium appliance could help to further reduce the peak power consumption. These techniques could help the power system to handle more EVs and protect the network infrastructures. In the future work, we will study the impact of such integration control on the electricity cost for the neighbourhood level network.
